Naval military units are complex systems required to operate in fixed time frames in offshore tasks where maintenance operations are drastically limited. A failure during a mission is a critical event that can drastically influence the mission success. The decision of switching a unit to a mission hence requires complex judgments involving information about the health status of machineries and the environmental conditions. The present procedure aims to support the decision about switching a unit to a mission considering the vagueness and uncertainty of information by means of fuzzy theory and emulates the decision process of a human expert by means of a rule-based inference engine. A numerical application is presented to prove the effectiveness of the approach.
Introduction
Naval military units are complex systems required to operate in fixed time frames in offshore tasks where maintenance operations are drastically limited. The sequence of operations to be performed in a fixed time frame constitutes the mission the ship is engaged for. A failure during a mission is a critical event that in some cases can be handled on board, but that in other cases, when it affects a critical component such as an engine or a steering mechanism, requires the ship to return to a port with suitable repair facilities. Critical failures may hence prevent the ship to return to the port and consequently require the ship to be towed by another vessel. In such situations, the impossibility to perform the mission tasks in the time frame assigned eventually results in a mission failure. The evaluation of the likelihood of a failures is hence an issue of primary interest for commercial and military navies, not only because it prevents the ship to perform its functions, but also because it can be a costly event and a treat for the safety of the crew. In the traditional military, in particular, units must be "operation ready", meaning they must be ready to accomplish the missions they are assigned to. The decision of switching a unit to a mission however involves complex judgments requiring information about the health status of machineries, the available resources and the environmental conditions. The health status of machineries here refers mainly to information about the availability and condition of equipment, resource information concerns the availability and condition of personnel, the types of training available and the training actually received, and environmental information, refers to information about the threat situations and alert conditions in which units must operate, and information about weather and ocean conditions etc. As it frequently happens in decision problems, some of these of information can be quantified, and some are merely descriptive: purely descriptive information may however be very valuable in the decision process.
In the present paper a support tool is presented to assist the decision maker in the decision of deploying a military unit to a mission. A problem that frequently arises when designing a decision support tool is to represent the vagueness and uncertainty that typically affects information which cannot be handled with traditional (crisp) mathematical models. The proposed approach takes into account such vagueness and uncertainty by means of fuzzy sets and emulates the decision process of a human expert by means of a rule-based inference engine. Experts' knowledge may in fact efficiently be represented in the form of rules when fuzzy logic is employed. Rule-based expert systems use human expert knowledge to solve real-world problems that normally would require human intelligence. Fuzzy Inference Systems (FIS) are popular computing frameworks based on the concepts of fuzzy set theory, which have been applied with success in many fields like control [1] [2], decision support [3], system identification, etc. Their success is mainly due to their closeness to human perception and reasoning, as well as to their intuitive handling and simplicity, which are important factors for acceptance and usability of the systems [4].
The Fuzzy Rule-Based Expert System for Decision Support
The procedure here presented, aims to be a support tool to make a decision about the switching a unit to a specific mission. As stated before several parameters that influence such decision should be taken into account, this paper however aims at presenting a methodology rather than formalizing the complete decision framework, therefore three representative parameters only have been taken into account and they have been identified by interviewing some captains of military ships. Such parameters are the reliability, the distance from the closest port (in marine miles) and the conditions of the sea. The reliability of the system involved in a mission is a primary concern since, as stated before, maintenance operations are drastically limited in offshore conditions. In addition the operating conditions of systems and machineries must be considered according to the specific mission profile since only a limited number of machines are required in each mission. For this reason it is preliminarily needed to individuate the ship subsystems (propulsion, power generation, etc..) required to accomplish mission tasks. Moreover, for each subsystem, the critical components must be identified and their reliability must be linked to the
